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PROBLEM TO BE SOLVED: To obtain a semiconductor 
device that has an excellent interface characteristics 
between a silicon substrate and a metal silicate layer. 
SOLUTION: This semiconductor device where an active 
element is formed on a silicon substrate 51 has a metal 
silicate layer 53 that is formed on the silicon substrate 
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silicon substrate 53. In the metal silicon substrate 53, 
the concentration of the configuration metal is gradually 
reduced from the interface between the electrode and 
metal silicate layers 54 and 53 toward the interface 
between the silicon substrate 51 and the silicate layer 
53. 
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Publication No . 2001-332547 

[0014] In the semiconductor apparatus A or B, when the composition 
metal of the metal silicate layer is Zr, Hf or La, since the 
stoichiometric composition of the metal silicate is ZrSi0 4 , HfSi0 4 , 
or La 2 Si0 5 , it is preferable that the metal silicate layer have a 
structure wherein the concentration of the composition metal, in the 
case of ZrSi0 4 and HfSi0 4 , is about 17 atomic percent or less, and, 
in the case of La 2 Si0 5 , is about 25 atomic percent or less. More 
preferably, the metal silicate layer is structured so that the 
concentration of the composition metal is 7 atomic percent or less. 
It is more preferable that the concentration of the composition metal 
at the interface between the silicon substrate and the metal silicate 
layer be 1 atomic percent or less. 

[0038] (Embodiment 1) When a metal oxide film is formed on an Si 
substrate, a metal silicate layer is formed between the Si substrate 
and the metal oxide. In the present invention, the metal silicate 
layer essentially consists of metal silicate. The metal silicate is 
represented by General Formula M x Si0 4 _ s (wherein Mis a metal element, 
0 < x < 1 . 0 , 3 < 8 < 4 ) . When the metal element is La, it is represented 
by General Formula La x Si0 5 ~5 (0<x<2, 4 < 8 < 5 ) . The present inventors 
found that this metal silicate layer has a stable structure, and 
exhibits excellent good electrical properties at the interface on 
the Si substrate. 

[0039] Figure 1 shows a cross-sectional view when a Zr0 2 film 2 is 
formed on an Si substrate 1 by laser ablation. 

[0040] As shown in Figure 1, when the Zr0 2 film 2 is formed on the 
Si substrate 1, a Zr silicate layer 3 is formed at the interface. 
The Zr silicate layer 3 has a dielectric constant of 14, which is 
higher than the dielectric constant of the Zr silicate film obtained 
by oxidizing Zr silicide (not greater than 12) . It is preferable that 
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the metal silicate layer has a film thickness of not less than 0.5 
nm and not more than 4 nm, and more preferably not less than 1 nm 
and not more than 3 nm. The properties of the interface between the 
Zr silicate layer 3 and the Si substrate 1 were evaluated, and it 
was confirmed that the interface has excellent electrical properties 
and the film can be suitably used as a gate insulator for use in a 
field-effect transistor. 

[0041] The present inventors attempted to etch the upper layer, i.e., 
Zr0 2 film 2, using an HF solution so that the Zr silicate layer 3 can 
be used as a gate insulator. 

[0042] Figure 2 shows the etch rates of the Zr0 2 film 2 and the Zr 
silicate layer 3 formed at the interface when samples were etched 
using the HF solution. 

[0043] Black dots indicate etch rates when a Zr0 2 film 2 was formed 
at 450°C and white dots indicate etch rates when a Zr0 2 film 2 was 
formed at 350°C. In the figure, the etching time of, on, or before 
150 seconds indicates the etch rate of a Zr0 2 film 2, and the etching 
time of after 150 seconds indicates the etch rate of a Zr silicate 
layer 3. When the film formation temperature of the Zr0 2 film 2 was 
450°C, the etch rate of the Zr0 2 film 2 was 120 pm/sec, and when the 
film formation temperature was 350 °C, the etch rate thereof was 200 
pm/sec. The etch rate of the Zr silicate layer 3 was 2 pm/sec in both 
cases . 

[0044] It was found that the etch rate of the Zr0 2 film 2 is more 
than 50 times that of the Zr silicate layer 3. It was also found that 
when the film thickness of the Zr0 2 film 2 and film formation 
temperature were changed, the etch rate of the Zr silicate layer 3 
formed at the interface remarkably slowed down. 

[0045] This indicates that the etch rate of the Zr0 2 film 2 greatly 
differs from that of the Zr silicate layer 3 formed at the interface, 
and therefore the Zr silicate layer can be selectively retained by 
during etching. This is attributable to the differences in 
properties between the metal oxide and the metal silicate, which 
contains Si element. The metal is not limited to Zr, and any metal 
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oxides of Hf , La or the like by which a silicate layer is formed at 
the interface can be used by employing an appropriate etching method. 
[0046] Based on these experimental results, the present invention 
provides a method for manufacturing a field-effect transistor. In 
this method, by forming a metal oxide film on an Si substrate, a metal 
silicate layer is formed at the interface between the Si substrate 
and the metal oxide film. Subsequently, the metal oxide film on the 
metal silicate layer is selectively removed using the difference in 
the etch rates so that the metal silicate layer is retained. The 
retained metal silicate layer can be used as a high dielectric gate 
insulator . 

[0047] A metal silicate layer forms Si0 2 when heated excessively. 
Therefore a selectively retained metal silicate layer is irradiated 
with excited oxygen, which has a good ability of recovering defects 
even at a low temperature. In terms of recovery of defects, a heat 
treatment at 800°C or less and/or 5 minutes or less is also effective. 
[0048] In order to attain a further high dielectric constant, it is 
also effective to form M x Si0 4 -sN z (M indicates metal element, 
0 < x < 1.0, 3 < 8 < 4, 0 < z < 1) by making the metal silicate layer 
contain nitrogen atoms. However, when the metal element is La, the 
structure becomes La x Si05-5N 2 (0<x<2, 4 < 8 < 5, 0 < z < 1) . in this 
case, conducting excessive annealing under an oxygen atmosphere 
should be avoided in order to prevent formation of Si0 2 . In order 
to introduce nitrogen into the silicate film while suppressing 
formation of SiC>2, it is effective that the metal silicate film is 
nitrated under a nitrogen atmosphere, a film containing a metal, 
silicon and nitrogen (MSiN x film: M is a metal element) is irradiated 
with excited oxygen, or oxidizing an MSiN x film at a low temperature. 
[0049] Figure 3 is a cross-sectional view of the field-effect 
transistor obtained by the method of the present invention. Here, 
an n-channel MIS transistor is shown. 

[0050] As shown in Figure 3, an element separation region 52 is formed 
in a p-type silicon substrate 51. A gate insulator 53 formed of a 
metal silicate is provided on the p-type silicon substrate 51. The 
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method for forming the gate insulator 53 is explained later in detail. 
[0051] A gate electrode 54 consisting of polysilicon is formed on 
the gate insulator 53. In the silicon substrates 51 holding the gate 
electrode 54, a diffusion layer (source/drain region) 55 to which 
n-type impurities are introduced is formed. On the side surfaces of 
the gate electrode 54 and the gate insulator 53, gate side walls (for 
example, CVD silicon nitride films, etc.) 56 are formed. These 
components form the field-effect transistor. 

[0052] On this field-effect transistor, an interlayer dielectrics 
(for example, a CVD silicon oxidation film, etc. ) 57 is provided, 
and an Al wiring 58 is connected with the gate electrode 54 and the 
source/drain region 55 via a contact hole formed in the interlayer 
dielectrics 57. 

[Brief Description of Drawings] 

Figure 1 is a cross-sectional view that shows that by forming a metal 
oxide film on a silicon substrate, a metal silicate layer is formed 
therebetween according to one embodiment of the present invention. 
Figure 2 shows the etch rates of the metal oxide film and the metal 
silicate layer according to one embodiment of the present invention. 
Figure 3 is a cross-sectional view of an MIS transistor according 
to one embodiment of the present invention. 

[Explanation of Reference Numerals] 

l...silicon substrate 

2...Zr0 2 film (metal oxide film) 

3...Zr silicate layer (metal silicate layer) 

51...silicon substrate 

52. ..element separation region 

53. ..gate insulator (metal silicate layer) 

54. ..gate electrode (electrode layer) 

55...source/drain region 
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56. ..gate side wall 
57...interlayer dielectrics 
58...A1 wiring 

59...Zr0 2 film (metal oxide film) 

60. ..oxygen excitation source 

62...Si0 2 film (silicon oxide film) 

63. ..metal film or metal silicide film 

64...insulator containing Zr atoms and silicon atoms 

65...zirconium nitride film or a film containing Zr, nitrogen and 
silicon 

In Fig. 2, the lateral axis indicates the processing time (unit: second, 
@HF2%), and the longitudinal axis indicates the thickness of the 
etched layer. 
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i»H5 3^fM$^rvN5„ ^.<dy~ bmum5 3 <D 

[0051] y— hite»H5 3 Ji(c(4, /Ky v-y ava* 

4tr^t?^y =>>*«5 i <p\c nm^nmmA^ti 
tcmmm (y-x • Kw>-gs*) 5 5^^$tb TV > 
So h«®5 4rw- bmmm5 3ommj,^t, 
y- h (^d x. c v d y = >-mtmte if) 5 6«s 

Amtiiiitix^z* 

[0 0 5 2] ^©l#a*h7^^±Wi, SPflte 
»1I m itfCVD->!J3 >-^-flifiI^ if) 5 7 $ 
r.«gffli|fe»Jl5 7{^ltbtu^3^^^ h?L^ 
LT, y- hm^!5 4*5il>*y— ^. • KW>-ffl*5 5 

[0 0 5 3] 1 - 1 ) m 4 Sr#fig L 

i3i;/TifcMi s h9 vv'x^cofiiit^^isi^ 
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[0 0 5 4] *i\ 04 (a) ^-r<fc5t-, B*ffi 
(10 0) , JtjSfi4~6QcmOpSi/]j3ySS5 

#><r>ffi* : m!$.irZ> 0 flEVvf* #Jx.«:LP-TEOSBI£ 

[0 0 5 5] ftiC, 04 (b) m^t"* 5 K % U-if- 
T^U-v-3^^«feSrfflV>T, Wil^M 1 0 P 
aO#ffl^,4>, ISIt3 5 0tt\ Biff 3 0 nmOZ 
rff^ »*«^Sr-^tPZ rO, JR (&Mttfc4M!t) 5 
9SrS iXSS l±Kj*iW*. ly—^-ryu—. '/a 10 

'>ft^&JS»te#3&ffM-e#5. «<£>Ig-t?f&BJ-f 5 
&J|IBWI:*it*W5WK««H-53«T?«, 

[0 0 5 6] r<Di:#, ZrO, 01 5 9 &J&BIT5 t H 
flf tC v S i 51iZrO, Bl59i cO#ffilC« Z r 20 
■>y^ M5 3^M^^„ rcDZ r S>JJ frj hf§ 
5 3lt :oWfZr, O, S i #7cSf 

3 tm&ztiz zkKmm\zm<, ±&m^^-^ 

fflV^^tt*, ^WftSSSPf&te&^ft < ft t) , Z r v- 
WH5 3®Sia {b^rMHM"?** Zr->!)N 
M5 3©i*««*fbK:**U-C*)5. -> y => 

«5 1±iCZr0 2 R5 9tf«f5i*, JSbiSatJKSr 

Sft*©-?, J: 9 fk&te&mfV ^M5 3 

[0 0 5 7] r ->!)3 5 1 t Z r 0 2 

8*5 9©Wfc, Si, Z r»UW**S?ftlC-£#-t-5Z 
r->!)^M5 3*S0. 5~4 nm^^tlS„ 

[0 0 5 8] 04 (c) tcjfrT <£ 5 K> »S2% 

OfHFgStrfflV^T 1 0 Oim&V^y Y^yf-^if 
■f5 0 tSiZrOi BIS 9tt^s/^^i/$^ ZrV 
y M5 3©*a*5MW«j{E:«5 0 ICtfxyfy 

Z r > y ^r-Y bJI 5 3 -T?«HSS:fc:i&!>T5 ©t, 40 
aiy^-V^WIlia* 1 ~3 WBflaK 4ott Z r ~>y <>" 
-1- hJf 5 9 ©*ff **lcA*oBtff 
C0*!lWtt± < ft Z r->D^M5 3 CD^£r5itRlft 

[0 0 5 9] #:}£ N 04 (d) tC^-f x-yf-ls 

y[z.£<z>xm&titzz r ^y ^-r ms 3\z.mmmu 
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5 3£Si0 2 ft^-fr-ff-, £<9III*©*Rb£»'>£* 

[0 0 6 0] ro^tewwscii, ftl*.ttffc** 
H^T"8 0 OtWT^m^SSKVMi, 5#&T©SH# 
Pfl^fi^S^rtf o T «t V\, 

[0 0 6 1] Hkic, 0 3 tc^T ± o (c, <b^MH4Bfife**fe 

*&V>T\ mx.&4 5 Or, JEE* 1 P a ~ 1 0" PaKiS 
<^t\ ^*^^.-C*flrf?LfcS i H 4 ^iNH, Ux.<n> 
&&%X*m^X. MM5nm~200nm©CVD 

y =2 >mtmfr b ft 3 b Mae 5 6 sr^i- 5. 

[0 0 6 2] &Lt&(DT.mte. it©MI S FyVv'Xi? 

OkeV, K-X*l X 1 0 15 cm-*X*$k.m<04*>'&. 
A«r?TV\ y—X- KKy®«5 5SrMt5. ifcV 
T, flS^ft«J*ftifeK:J;oT£BfcJill]|ft*«5 7 tft 
5CVD^!)n vttYbR«r«M U r <D«|fl|&felJE 5 7 
b?Ur IS nT 5. S^T, 

[0 0 6 3] (JIJfe^l®l-2) 05£#J8*L 

[0 0 6 4] tf, 15 (a) t^ihipfc, gj^fir 
(10 0) , Jt)gS;4~6 0cm©pli/y3ySS5 

»©*«r»*i-«. *fcV*t\ M^llLP-TEOSM 

[0 0 6 5] ^(C, 0 5 (b) S i£« 

5 1 &mm&m%*x*Mm, box (^®?^) , 

<ttCVDtioT 1 SiSffiiCSiO, R6 2%f 

[0 0 6 6] 05 ( c ) (d^-TJ: 5 (C, •fiBJ^.^Z 

rM^-^y hSrfflV^T, «^.(iaS«Ffe-e, S i a 
B?6 2±t, SiO, JR«flc*SJt*fi3*ISIf£il±©*© 
&«5c?S£;prT3&JlfiJl6 3^*S«i"5 0 ^JSBS6 3(D 

ft*? 5 K&Jii' y -y-^- KBi%*s8f Ltti<, r (vms 

ic(*/>ft < h&mm^-k *y y 3 Vff^S:^-t-S^- 

[0 0 6 7] Wc, 05 (d) l^-fj; 5 fc, 
*^4"-C5 0 0~8 0 OtOjPSfttCioT^JSBIe 3* 
W^Htc^^S i 0 2 JK6 2CF>(Ct£tfc$*SXg§r?f 

v^ s ->y i±{Oft< n^yw be 

5 3 5rM«„ rrrtt^JSSfiLtzr^ffl^ 
£ 0 ^:JRBI6 3^{cf±, S i O, Bt«p|c*Jtt5H*l8J|L 

+55-(CS i O z BI6 2tl^t$*5dtm, ft* 
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[0068] »k\ m 3 i-^-ri 5 it<&mtfuh& 

iBfcWt, fflz.&4 5 01C, ffi^J 1 P a ~ 1 0 6 PaP*5 
V^s SSStf* LfcS i H, if^iNH 3 
jS-g-tf^Sr/BV'-C, MlJ5nm~2 0 0nmOCVD 

•y^ ^*fls»a»6*ey- 5 6 Wt5. 10 

[0 0 6 9] ^(DTMtt. ii«OM ISb7 t> 
OkeV, K-XIl X 1 0 15 cm' 2 -C5ttiH<D-r^->-a 
T, flrffc*WH#*«fcK: i o T £® f£« tfLmB.Wk 5 7i4 

s£i"2.o 20 

[00 70] 4*5, _t£i? Lfc0!| (04, HStftStfc 
09) ICfeV^T, *JR'>y-JrW hJf 5 3^j&£;ft,fc« 

v>y ^ hJ!5 3€r^-fi2^-yrS^ tf4> ^JRvy^-Yb 
■ 53#S iO, fc-f5(£>£:|»#*oo, SS^O^Pfe^M 

[0 0 7 1] (HJft»l|l-3) H6Sr#BRL 
T> El3iC*fMI S h7V^^<©glJ(D®Siit*iSfe{--0 30 

[0 0 7 2] Si's B6 (a) (C^i"± 5 

(10 0) , ttS4~6Qcm©pI->y3yS«5 

*<OfltSr^J*i-5 0 Ufc^T, 0llx.fiLP-TEOSI0l£ 

[0073] #ck, 0 6 (b) 5t-s ~>y = >- 

S«5 1 Srffi^) 1 0 P a ~ 1 0 s Pa ©^*^^#H^; 

"t\ 0<l*.JiZ rm+tmkisV a^*^*< t t>#^£ 40 
S i NA>b^5^-yy M:v-> if— Jt^figltLT, V 

y 3 v36« 5 1 ±tr/>& < 1 1 z r m^. 

[0 0 7 4] &fc:, @6 (c) t^i^-r J: 5 0iJx.li& 
HSDR-f Sr*tf 3 0 0<C~8 0 OtJWSHftfcKLT, '> 
4<it)Zr If, fcfcJB^Rtf S i W-?«r**i"6lft 
ffclfte 4fl;g*If^fALfcy- 3 <M 
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[0 0 7 5] 0 3 KTjk-fi. b fc, {fc^tvfjj&ftfe 

fcV^T, 0ilx.fi 4 5 0t, JEE* 1 P a ~ 1 0 5 P a Wo 
V^T, LfcS i H 4 ^^i:NH 3 #*eD 

Sr^T, 0)JxJ£5 nm~2 0 0 nmCOCVD 

*>y 3^*<tR*»6,*«y- M«5 6 

[0 0 7 6] W»OXStt, ItOMI S h7>-^^ 

coSfigxstmfliT'fcSo ^jx.ii*oamji2 

OkeV, K-XflX 1 0" cm''t'!tti©'|'^i 
A&fTV\ y-* • FW y®«5 5Sr^-T5. i&V 
t, fb^fe«WBrit*SsH: J: o -C^S^JB miftmBt 5 7 4:* 

y^^fcio-O**— — V^L-T* AlEtft5 8&J|$ 

[0077] 07£#hsl 

T, H3C*tMI S h9>"^^«>*JO«Ja*jSfeS:K 

[0 0 7 8] 4f, 07 ( a ) (c^-f-J; 5 fc. 3a*tt 
(10 0) s tfc jSJt 4 ~ 6 Q cm©pii/y3yM5 

fc(0|»Sr^fife-t-S„ i^V^T, «ifiLP-TEOS«t 

[0079] 0 7 (b) t^i-i 5 Mx.ttc 

tNH, tfXOm&X*^ t.L<i4Zr (SO, ) , •% 

^iHSr-g-tf T>*e-Ttfx Sr. «sjx:«l~l 0 6 Pa» 
l~1000scc m©«fC, ^rtV^tV^SfC 
*ftL, S«a*^M~8 0 0TC©a*ttBBfc 

*St^S i tr^trK (ZrSiN, S¥) 6 5 «rJ»»f 

[0 0 8 0] ^(Cl, 0 7 (c) (c^1-<t5(-> 
«r, 0!lx.fi2 o 0=0-8 o OKomAr-Mmmtt'Stt 
#I«^BLt, />*< HZr, S*S.t/S i Sr-^* 
i"SJK6 BficKSllJK?- ^r^A-f S^ilcioT, ft* 

[0 0 8 1] 0 3 iCTF-f*. 5 (C, {b*ftffifift*ft 

[c±o-c^y ^y =tvjgiSr^ffi(citiMU rcoTKy^y 

ttV^T, 0iJx.ii4 5 0°C, Hit) 1 P a ~ 1 0 5 P a 

Srffll^T, 0Mx.fi 5 nm~2 0 0 nmOCVD 

=>mmfrbtnz>>?- hums e *m&-tz. 
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[0 0 8 2] .^©Xgi4. M©MI S l-7V^^ 

OkeV, K-Xfil X 1 O' 6 cm" 2 T'51t^»-r^-va 
A*rfTV\ • KWy««5 5«t5„ ftv* 

SCVDv'P 3 Vg&flsjgS &J(iai U £ OSnttiHR 5 7 

tmi'a i k&mk u =. © a i Bt4ractt-f 

10 

[0 0 8 3] fit±, *^8MWV^<o^©«|jt*&Sr^L 

[oo84] fsjiii £»#H**4^HMtiHit3:j!g 
[oo8 5] **s, ±mLft^mmmm<o^mtt. 

(damascene gate) ^rL< \±WMtf~ V (re 
placement gate) h 7 ?7°wt*<D>f— hit&BfeBS 

[0 0 8 6] m^^^V—h 30 

ZMrfZlslt^ TEOSom CMPCriSWBfSrfT 

[0087] ±mi,tL*mMmm<D-%& : &m^x, vs. 
5^ivD bm^v—hmMmt vxm^zz. t\c 40 

[0 0 8 8] (&NBgffi2) &l£ N U— T^U— *> 

^Ift^-r5 0 *#Wtett\ TEMICioTKffffiil^Srtf 
[ 0 0 8 9 ] 0 8 (4, Si SSLtU: ZrO, R 50 
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itm) *MUfcW©»fBTEM9JE-!?fc5, ZrO 

2 lit s i S;K©#Bi;^ zr'>y^ n (#Bv-y 

£">f hS : interfacial Zr silicate) JSSJIM^-CV^ 
[0 0 9 0] 0 914, l^ffiixy^ h«©±ffi!5>es i 

[0091] l9C*fi5l^ imwrj bm<v± 
E*»6>s iS«tefla»oT (Att^i 6 tefa 

[0092] r©i5tLt#Wcf®v'y 

iSV^, Z r - S i M^ittS Z r J W K« 

9 «$© ZrlSlil 7%KTTfc5it % LV \ 
[0 0 9 3] &B,m\Mk LTii^©Z r O 

. (x~2) SrfflV>54&-£\ 0 9 ©Slit***^ 
34 51^ Zr->DW hJf ©/-Vi^ffi^roz r«*(4 

7%um&m±kt£z e r*^(4s io 2 i 

9t*»*t< (t=7~88t) x 4fcy-^#tt© 
^WKtc^tt 2> z r MEa>ft*tt# 7 %SVN(4 7 %6(T 

[0 0 9 4] 010 (a) it, I — f-T^Wi/gy 
jaflfife-CZrO, KSrfBRU #Svy^h8S:ite^ 
)iitLTfflV^fc, Au/»>y^ M (Zrv-y^ 
^ bJi) /S it#3t©MI S^-yXv^do^T, 
C-VWtt«rjBftl,fciBr*Sr*Ufct©"CJ!>5 0 010 

(b) is, 010 (a) ©ffffivy ^-r bmtmn&n 

Z rl«fc*t4^-yy bSrfflV^riiKUfc, Au/ 

s^stK^X. -t©C-V«Mt4rjB|JEL*:»*«r*L 
fc%©T-fe5„ 

[0095] ^w^*tjiijf:^e>aat t^fc^m* 

(4, £ = 7 ~ 8 t I^SST'fe 5 % S i O a 4 9 

LTi4, 010 (b) ®*«StJ;5Zr->y^ M 
«rfflV^dr^/-«v'^©*(4MA/-ev>5©^L N 01 0 

(a) <n*x\t*:<Dm£&\tfLbtixteb-r, Sk&tsn 

[0 0 9 6] «_L©4 5(^ Z r^bfflliS i t©^® 
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r ««tfSJJIlIlJ#®-eOZ r»«.t «9 tffi^Z r is? tr 

4 hm%m^Z>) ritdif. Zr->y^Hi:Si 
ffi£t<£>#ffiT-teZ r**aM£v^fcftfcJMf*JH5*H!fe 
Sr#5r.fc^T?^5t t t>{c, Zr->PW Mo/^u 

y-^^^fsrims. 10 

[0 0 9 7] fc*5 x Zr<DfU?!>l;:Hf JjfeVMiLaSrJl 
VTtiVS mzH f (4Z r irlM«©ttSf*^LTV>5 
fcft, Hf *«KBBf5«:«KoV^I±» iiLfcZi 

[0098] «t\ ±as Lfc i 5 temmz^-r SMI S 

XWLW-fZo 20 
[0 0 9 9] *-#\ 04 (a) t^1-<fc 5t-> 
(10 0) s itm.tn.4~6 Q cm(OpI->y =i^S*E5 

[0100] ftlc, 114 (b) Id^i-J; 5 i"— If— 

Pa©?!^, S4KM«3 0 0~6 0 CCfc^V-C, 
ffiffl 0 nm©Z r 0 2 j$ (^JS^fbJI) 5 9£Sig 
«5 1±l^e-f6o U—if-T^V-^3 Vf£ffli8s£ 30 

-j-^^oi^/P^- fc* LT V ^ 5 fc ft „ »Jjfe-f tb^^^ V % 

[0101] Z r <D 2 IK 5 QWiScJKiliflHft^ S i 

5 1 i Z r O* JK59 2-3 nmll 

f«*jl5ZrJ'!)^ H5 3I4, MSCZr, O 

ft, «j«*ti*nj*<, BfB©»J*«:tfU ^RS^'>*V^ 

tl5Zr^!)WH5 3ll S i »K5 lflflKlS i » 
ZrOi Bt5 9ffiltZ r«S#<fiR£i-5fcft, Zrjgl 
tf5 S i Sffi 5 1 WiCft^oT Lff V>K{&< &5ffi£«Sj?)c 

[0102] Z r 0 2 If 5 9 Bfcljafi 

K*^^*ti-s^t(-<£'5. s i mmftwwmfcKis 

Zi&m-tz S i 0 2 *IfiS;{d5fi< > A 
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4 hJf 5 3fMt5rtiSf#5„ 
[0 10 3] iSfctC, 0 4 (c) (c^-fJ;5i-, »*2% 
©#HF»«*rfl!Vvr 1 0 OtlS^xy hxj,f^ 
Srfi 1 ?^ ZrO, 15 91^X7^^$^ Zrv-y 

3i yfvmiB^ i~3 ft ffi^* <4ottZr->^ 

w he 5 3 (omm\'±% ^itn^ < , &£a>oKj*fN 

«feJ:<, ft»4Z r y^r^f M 5 3 ©*t«RWIC 

[0 1 0 4] H4 (d) IZ^-TXoi', ^yf-^ 

^l^X-oXm^tltzZ r ->y^ hJf 5 3fc#LT, St 

[0105] friz, m 3 icsti 5 fc» {bSMMBjfcSSr 

$^T, fJx.tf4 5 0'C, ff^lPa~10' P a 
Vvt % S*#*-e*??LfcS i H< ^tNH, 
iS£-#*£rfllVvc\ Mlf5nm~2 0 0nm©CVD 
'/Pa 6> * 5 y- h fiiS 5 6 SrJg^-t" 5 . 

[0106] il3?(DM ISh7/-^^ 

©JK6XSi:ra«T?*>5. -Tfti3*>, «*.tffln»tffi2 
0keV N F-Xtlxl0 li cm" ! Tli©-l'tyil 
ASrfrV\ y— ^ • KWvf«5 5SrMt5. i^VN 
"C> {b#*tBfigftfeicj;oT^:®iceP^|6^lK5 7i4 

5cvD-/y =vife^fflt*±t«b, ^©sraitei^ii5 7 

T^ffitciA 1 JRSrit^U ^©AllSrSlStt^^x 
[0 10 7] sfejte, **M^(-*3V^T, «^«&figSr# 

zitmz s &Mzs»tr>f bm*Mf&i,itmz&mm&£ 

[0108] m\<ommmmtm 
at, ^v-//y- h«u< »±«*y- h h^y^^T 1 

[0 10 9] £Lh, *»MO*Jt»IISrl{lWU*:*s, * 
g 1 trial!! L^^teHrtt-*5V^a* ^ £ 

znxh. mfe<o®mmbtizt><ox'htif£&mkL 
xmta^nm^o 
[0110] 
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fHifi0tt)|lfcK9i] 

[B i ] fcasw <vmmmm\m v , = v*«±tc^ 

[0 2] 3W8W©|fetJ|»l8lc«5, ^JRH{t;Kt^JR^ 10 
[0 3] ^HO&l&gttKlffiSM I S h7V^?C 
[114 ] «©HMIC«5MI S h7^?C 

ussns©-*]** vtcxummm. 

[0 5] *:|gM©IIJfi^ffit-#5M I S h7^?» 

[0 6] *^<£>*J6?£lBfc:#3M I S h7V^^O 

[0 7] ^:|gB^CD3^Jfe^ffi(C#5M I S h7>--^^.^C0 20 
JEfilSofl&OfllSrS* L/cX@»f SB. 

[08] *&m<ontmmz& <o , 



[09] 0 8te^Lfc?*|sHc:o^-c\ &js^y 

[010] £ o T» biLfcM I S^/«v-*<75 

C - V(KM4Sr«*ftaf t *tifc LT* Lfca 
[*f-S§-tf>&H!] 

1- ^y =*>mm 

2- ZrO: fit (^«^bJS) 



5 1 

5 2 

5 3 

5 4 

5 5 

5 6 

5 7 

5 8 

5 9 

6 0 
6 2 
6 3 
6 4 
6 5 



y-hwm mum) 
a i s& 

ZrO, « (&*ttfcJR) 

sic i (v-y =i>mtm 



[0i] 



[02] 



^2 ZrOaW 




1 SIS4G 



3 ZrJ/';y-f h« 



-350"C Depa. 
— 200pm/sec 




50 100 ISO 200 250 300 350 400 4S0 500 
rp-fe^KtWliec] ©HF2% 
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#H2 0 0 1 -3 
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[08] 
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[010] 




I i i i i i i 

-2.0 -1.5 -1.0 »0.5 0.0 0.5 1.0 1.5 



(51) Int. CI. 7 

HO 1 L 21/203 

21/318 
29/78 



F I 

HO 1 L 21/203 

21/318 
29/78 



S 

z 

B 

3 0 1 G 



(72) Mm m 

*^tt*«W3t > * - ft 
#*jii*ji|«m#B:/h^j|cswri#» # 

a;£tfJfc2ffl*H36ir > * - ft 



F^ — 4K029 AA06 BA52 BB02 BC05 BD01 

CA01 CA05 DB05 DB20 FA01 
GA01 

4K030 AA03 AA13 BA38 BB12 CA04 
DA02 DA09 LA02 

5F040 DA19 DC01 EC07 ED03 EK05 
FA07 FC22 

5F058 BA20 BC03 BC11 BC20 BD01 
BD05 BD09 BD18 BF02 BF17 
BF22 BF24 BF29 BF40 BH03 
BH04 BH16 BJ01 BJ10 

5F103 AA01 AA08 DD30 LL08 PP03 
RR05 



